
Problem Set #7 Energy Conservation, Friction and Springs 
Due November 4  
 
Name:____________________________________ 
 
I worked with: 
 
 
 
Equations: 

Position (constant velocity) s(t) = s0 + v0t 
Position: s(t) = s0 + v0t + ½ at2 

Average Velocity: vavg = t −t2 1

s −s2 1  
Velocity: v(t) = v0 + at 
Final Velocity (time): vf = v0 + atf 
Final Velocity (position): vf2 = v02 + 2aΔs 
Acceleration: a = t −t2 1

v −v2 1  
Force: F = ma 
Force due to Gravity on Earth: F = mg 
Elastic Force/Spring Force: F = -kx  
Force due to Kinetic Friction: F = μkFN 

Force due to Static Friction: F = μsFN 
Acceleration due to gravity on Earth: g = 9.8 m/s2 
Universal Gravitation: F = r2

GMm  
Gravitational Potential Energy: GPE = mgh 
Kinetic Energy: KE = ½ mv2  
Elastic/Spring Potential Energy: EPE = ½ kx2 

Gravitational Constant: G = 6.67 x 10-11 

Avogadro’s Number: 6.022 x 1023 
 

1. Sled dogs could train in the summer months by pulling sleds on the grass 
because it has a greater coefficient of kinetic friction than snow. If the sled they 
are pulling has a mass of 40,000 kg, the coefficient of kinetic friction of the sleigh 
on grass is 0.35, and the coefficient of kinetic friction of the sled on snow is 0.02, 
how much more force must the reindeer apply to pull the sled on grass than on 
snow? 
 
 
 



 
 
 
 

2. Fill each grid space with a concise and corresponding description 
 

 Position vs. Time 
Graphs 

Velocity vs. Time 
Graphs 

Acceleration vs. 
Time Graphs 

“Y intercept” Initial 
Displacement 

  

Slope of the line (or 
slope of the tangent 
line) 

   

Positive Slope    

Negative Slope    

Zero Slope    

Straight    

Curved    

Area under the 
Curve 

   

Stopped when...    

Uniform Velocity    

Uniform Acceleration    
 
 
 
 
 
 
 
 
 
 



3. Your kinetic sculpture is at the top of a hill which is 12 m high. You release the 
sculpture and it plunges down the hill. The bottom of the hill is at ground level 
(meaning 12 m below your starting point) and the mass of your sculpture is 15 
kg. 

a. What is the kinetic energy of your sculpture at the bottom of the hill? 
b. What is the velocity of your sculpture at the bottom of the hill? 

 
 

4. A team has a kinetic sculpture prototype that has a mass of 0.5 kg. The test ramp 
is at an angle of 20 degrees, the height of the ramp was 0.8 m, and the distance 
the prototype traveled was 2 meters.  

a. What ideal velocity would this team have calculated in their model? 
b. What was the potential energy of the sculpture prototype at the top of the 

ramp? 
c. If the actual velocity of the sculpture prototype was 2.1 m/s how much 

energy was lost to friction? 
 
 

5. A spring operated dart gun fires 10 g darts. Arming the gun requires 185 N of 
force and results in the shortening of the spring by 10 cm. 

a. Find the spring constant. 
b. Find the energy stored in the spring. 
c. Find the muzzle velocity of the dart. 
d. If the dart is launched vertically, how high will it rise? (Do not 

use an equation of motion to solve this problem. Use 
conservation of energy.) 

 
 

6. (Honors) A block of mass m rests on a rough horizontal surface whose coefficient 
of kinetic friction is μk. The block is held in contact with one end of a spring which 
is compressed a distance x. The spring has a spring constant of k. The other end 
of the spring is fixed. If the block is released, over what distance ℓ will it travel 
from its initial position before it comes to rest? Express your answer in terms of 
the quantities provided in the description above (m, μk, x, k) and the acceleration 
due to gravity (g). 

 
 
 


